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[57] ABSTRACT 

An X-ray contrast medium containing a multinuclear com 
pleX of the formula (M6(,LgB)8Av)x LW, wherein M is Mo, W, 
Re Tc, V, Nb, Ta, Ru, or Fe; p3B represent a tridentate 
bridging atom; A is a non-bridging atom; L is a ligand 
coordinately bonded to at least one M atom; X is a positive 
integer; and v and w are independently Zero or positive 
integers. 

11 Claims, No Drawings 
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MULTINUCLEAR COMPLEXES FOR X-RAY 
IMAGING 

This is a continuation-in-part of application Ser. No. 
08/122,461, ?led Sep. 24, 1994, Which is a US. National 
Phase of PCT/EP92/0698, noW pending. 

The present invention relates to the use in diagnostic 
imaging, in particular X-ray, ultrasound and scintigraphy of 
contrast agents comprising complexes of multinuclear 
moieties, and to contrast media containing such complexes. 

All diagnostic imaging is based on the achievement of 
different signal levels from different structures Within the 
body. Thus in X-ray imaging for example, for a given body 
structure to be visible in the image, the X-ray attenuation by 
that structure must differ from that of the surrounding 
tissues. The difference in signal betWeen the body structure 
and its surroundings is frequently termed contrast and much 
effort has been devoted to means of enhancing contrast in 
diagnostic imaging since the greater the contrast betWeen a 
body structure and its surroundings the higher the quality of 
the images and the greater their value to the physician 
performing the diagnosis. Moreover, the greater the contrast 
the smaller the body structures that may be visualiZed in the 
imaging procedure, i.e. increased contrast can lead to 
increased spatial resolution. 

The diagnostic quality of images is strongly dependent 
on the inherent noise level in the imaging procedure—and 
the ratio of the contrast level to the noise level can thus be 
seen to represent an effective diagnostic quality factor for 
diagnostic images. 

Achieving improvement in such a diagnostic quality 
factor has long been and still remains an important goal. In 
techniques such as X-ray and ultrasound, one approach to 
improving the diagnostic quality factor has been to introduce 
contrast enhancing materials, contrast agents, into the body 
region being imaged. 

Thus in X-ray for example early examples of contrast 
agents Were insoluble inorganic barium salts Which 
enhanced X-ray attenuation in the body Zones into Which 
they distributed. More recently the ?eld of X-ray contrast 
agents has been dominated by soluble iodine containing 
compounds such as those marketed by Nycomed AS under 
the trade names omnipaque and Amipaque. 

Much recent Work on X-ray contrast agents has concen 
trated on aminopolycarboxylic acid (APCA) chelates of 
heavy metal ions and, recognising that effective imaging of 
many body sites requires localiZation at the body sites in 
question of relatively high concentrations of the metal ions, 
there have been suggestions that polychelants, that is sub 
stances possessing more than one separate chelant moiety, 
might be used to achieve this. 

HoWever We have noW found that contrast enhancement 
may be achieved particularly effectively by the use of 
multinuclear complexes, that is complexes Wherein the 
complexed moiety itself comprises tWo or more contrast 
enhancing atoms. Thus, for X-ray or ultrasound the complex 
Would comprise tWo or more heavy metal atoms and for 
MRI the complex Would contain tWo or more metal atoms 
With paramagnetic properties. 

For the sake of clarity, the Word “atom” is used to refer 
to ionic and covalently bonded forms and not simply to 
isolated uncharged atoms. Moreover it Will be understood 
that the complexed moiety, While it is polynuclear, Will not 
generally be so large as to be considered to be a particle 
itself. Thus it Will generally have maximum dimensions 500 
A or less, eg of 80 A or less, especially 40 A or less. More 
particularly, the multinuclear entity Will have a distinct, 
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2 
characteristic and reproducible overall structure and atom 
content and is thus quite distinct from a fragment or micro 
crystal of for example a metal oxide Which in contrast Will 
have a lattice containing very many of the unit cells of the 
crystal structure. The multinuclear entity on the other hand 
cannot itself be larger than the siZe of its unit cell. 

Thus vieWed from one aspect the invention provides a 
diagnostic imaging contrast medium comprising a physi 
ologically tolerable multinuclear complex of formula I 

(MHBuAQX LW (1) 

(Where MnBuAv is a multinuclear entity; each M Which may 
be the same or different is a contrast enhancing metal atom 
covalently bonded to at least one atom B Where u is 
non-Zero; each B Which may be the same or different is a 
non-metal bridging atom covalently bonded to at least tWo 
metal atoms M and optionally to further atoms; each A 
Which may be the same or different is a non-metal non 
bridging atom covalently bonded to a metal atom M; each L 
Which may be the same or different is a ligand coordinately 
bonded to at least one metal atom M; n is a positive integer 
of value 2 or greater at least one metal atom M being 
tungsten or a lanthanide Where n represents 2; u is Zero or a 
positive integer, u being at least 2 unless n is at least 5 or at 
least one M is a lanthanide; x is a positive integer; and v and 
W are independently Zero or positive integers; With the 
provisos that Where n is 2 or 3 and no M is a lanthanide 
either at least one B is other than oxygen or sulphur or W is 
a positive integer and at least one L is a multidentate ligand 
other than EDTA) or a physiologically tolerable salt thereof, 
together With at least one pharmaceutical carrier or excipi 
ent. 

VieWed from another aspect the invention provides the 
use of a multinuclear complex for the manufacture of a 
contrast medium as de?ned above for use in imaging of the 
human or non-human animal body. 
VieWed from a still further aspect, the invention provides 

a method of generating an image of a human or non-human 
animal, preferably mammalian, body Which method com 
prises administering to said body a physiologically tolerable 
contrast enhancing amount of a multinuclear complex as 
de?ned above and generating an image of at least part of said 
body into Which said agent distributes, eg by X-ray, MRI, 
ultrasound, or scintigraphy. 

VieWed from a further aspect the invention also provides 
a multinuclear complex, especially a complex of group Ib, 
IIb, IIIb, IVb, Vb, VIb, VIIb or VIII (CAS) metals, or 
lanthanides or actinides more especially group Vb, VIb, 
VIIb or VIII metals, particularly compounds having tWo or 
more atoms selected from Mn, Cr, Hf, Gd, Dy, Er, Ho, Tm, 
Yb, and Cu, and more preferably from V, Nb, Ta, Mo, W, Fe, 
Re, Tc, Ru and Rh, and especially preferably a tungsten 
and/or molybdenum complex, for use as a image contrast 
enhancing agent. 
VieWed from a still further aspect the invention also 

provides a diagnostic imaging contrast medium comprising 
a multinuclear complex as de?ned above together With at 
least one sterile pharmaceutical carrier or excipient. 

Multinuclear complexes have particular potential as con 
trast agents since, relative to mononuclear complexes such 
as the paramagnetic metal ion APCA chelates and polyche 
lates conventionally proposed for use as X-ray contrast 
agents, the increase in the contrast enhancing atom content 
of the molecule is achieved With relatively little increase in 
the volume occupied by the contrast agent complexes, that 
is to say the use of multinuclear complexes enables a high 
ratio of contrast enhancing atom to overall complex volume 
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to be achieved. Thus by increasing the relative content of 
contrast enhancing atoms in this Way the total quantity of the 
contrast agent necessary in order to achieve the same 
contrast effect may be reduced and thus problems associated 
With contrast agent solubility or toxicity or With contrast 
medium viscosity may also be reduced. 
As mentioned above, by multinuclear it is meant that the 

complexed moiety should comprise tWo or more contrast 
enhancing metal atoms (preferably in the form of a molecu 
lar ion). The multinuclear moiety also contains further atoms 
Which may have little or no contrast enhancing effect but 
Which may for example function as bridging atoms bonding 
the contrast enhancing atoms together. Particularly suitable 
examples of bridging atoms and groups include the atoms of 
groups IVa, Va, VIa and VIIa (CAS), e.g. oxygen, sulphur, 
selenium, tellurium, halogen atoms, nitrides, and bridging 
groups such as hydroxyl, carboxylates, alkoxy, aryloxy, 
phosphorus containing compounds and substituted nitrogen 
and phosphorus atoms, e.g. alkyl substituted nitrogen, phos 
phorus or P-oxide phosphorus atoms. The use of selenium 
and tellurium as bridging atoms, is especially attractive 
since the X-ray cross sections of these atoms, especially 
tellurium, are greater than those of the loWer atomic Weight 
sulphur, oxygen and nitrogen accordingly such atoms Will 
contribute substantially to the overall X-ray attenuation by 
the complex. Carbonyl bridging groups are not favourable 
due to their inherent toxic effect in vivo and, advantageously 
the multinuclear complex Will not contain such groups. 

Preferably the complexed multinuclear moiety Will con 
tain at least 2, for example up to 100 (or even greater), 
especially up to 60, especially up to 50, for example up to 
30, such as 2—15, especially 2 to 6, preferably 3 to 5 contrast 
enhancing metal atoms, particularly preferably 2, 3 or 4. The 
appropriate nature, eg the element, the isotope or the 
oxidation state, of the contrast enhancing metal atoms is of 
course dependent on the imaging technique in Which the 
multinuclear complex is intended to function as a contrast 
agent. While generally speaking the multinuclear moiety 
Will preferably contain at least tWo group Vb, VIb, VIIb or 
VIII atoms it may additionally contain other metal, espe 
cially transition metal, atoms and for X-ray imaging the 
multinuclear moiety Will conveniently contain tWo or pref 
erably three or more contrast enhancing atoms having 
atomic numbers of at least 37, preferably at least 50, While 
for scintigraphy the moiety Will conveniently contain con 
trast enhancing atoms Which are radioactive isotopes, e.g. 
radioactive metal ions, and for MRI the complex preferably 
contains paramagnetic metal atoms, especially lanthanide or 
?rst or second roW transition metal atoms. 

Examples of multinuclear complexes useful in MRI con 
trast agents include ferromagnetically coupled complexes 
such as have been reported by Harvey et al. AngeW. Chem. 
Int. Ed. 30:598 (1991) (hexanuclear Fe(III) complexes With 
a S=5 ground state) and by Guillou et al. Inorg. Chem. 
31:110 (1992) and Inorg. Chem. 29:1750 (1990) (a family of 
Gd(III)Cu(II) complexes Which are ferromagnetically 
coupled). 
A ferromagnetically coupled paramagnetic complex use 

ful for MRI contrast enhancement may thus take the form of 
a multinuclear complex containing tWo or more paramag 
netic metal atoms selected from chromium, iron, nickel, 
manganese, cobalt, vanadium, molybdenum, tungsten, 
copper, platinum (particularly 195Pt) , erbium, gadolinium, 
europium, dysprosium and holmium; With the metal atoms 
being stabiliZed in a ferromagnetic or superparamagnetic 
intramolecular complex con?guration by an external com 
plexing substance. The preferred metal ions include 
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4 
chromium, manganese, gadolinium, and iron, and the pre 
ferred external complexing substances includes organosul 
fates and their derivatives, carboxylic acids, and especially 
acetate ions, aminocarboxylates, etc. The ferromagnetically 
coupled, paramagnetic complex preferably has a net nuclear 
spin of greater than about 1/2 and has more than about 5 
unpaired electrons. It should also preferably contain labile 
Water groups. 

For use as an X-ray contrast agent, it Will generally be 
preferred that the multinuclear moiety should contain tWo or 
more heavy metal atoms, e.g. lanthanide, transition metal or 
other metal atoms such as for example Gd, Ce, Sr, Y, Zr, Tc, 
Ru, Rh, In, Ta, Nb, Dy, Hf, W, Mo, Re, Os, Pb, Ba, Bi, Ga, 
Sn, Hg and T1. Advantageously the multinuclear complex 
comprises at least one metal ion selected from W, Mo, Re, 
Rh, Tc, V, Nb, Ru and Re, hoWever Mo and W are particu 
larly preferred. The choice of heavy metal used in the 
multinuclear complexes Will be determined by a variety of 
factors including the toxicity of the overall complex and the 
X-ray absorption characteristics of the heavy atom. In this 
regard it should be noted that While the X-ray absorption 
cross section for atoms generally increases With increasing 
atomic number, the absorption cross section is itself depen 
dent on the X-ray Wavelength and increases With increasing 
photon energy until slightly above a value termed the 
K-edge Whereafter attenuation decreases. Thus there are 
photon energy ranges for Which one element is a better 
X-ray attenuator than a second even though outside these 
ranges the second element may be the better attenuator. 
Consequently the multinuclear complexes according to the 
invention Will each have optimum photon energy ranges 
making them particularly suitable for operation With X-ray 
imaging apparatus utiliZing X-rays having such photon 
energy ranges. HoWever, by choosing multinuclear com 
plexes containing atoms of more than one heavy element 
one may create X-ray contrast agents having optimal per 
formance in more than one photon energy band or over a 
broader band. The complexes used according to the present 
invention are thus particularly attractive since they can be 
selected so as to match their X-ray attenuation pro?les With 
the X-ray emission pro?les of particular X-ray sources—in 
effect the invention provides “tunable” X-ray contrast 
media. 

In formula I above, n, u and v are preferably 2 to 100, eg 
2—50, particularly 2—30, especially 2 to 10, particularly 2 to 
8 and especially preferably n and also preferably u are at 
least 3, particularly at least 4; x is preferably 1 to 20, 
especially 1 to 10, and particularly 1. The value of W 
depends on the siZe and identity of the ligand—nonetheless 
W is preferably 1 or 2, especially 1. 

Non-chelant complexing agents, such as amines and 
mono carboxylic acids, eg acetic acid and amino acids, 
optionally substituted aromatic amines (such as pyraZole or 
pyridine), phosphines (e.g. alkyl and/or aryl phosphines), 
phosphites, phosphates, phosphonates and phosphinates are 
knoWn and may be used in the formation of the multinuclear 
complexes of the invention. HoWever since many of the 
contrast enhancing multinuclear entities are extremely toxic 
it is clearly preferable that the formation constants of the 
multinuclear complexes should be as high as possible and 
accordingly it is particularly preferred that the multinuclear 
moiety should be bound in a chelate complex. In a chelated 
multinuclear complex, L may conveniently represent a 
linear, branched or cyclic polyamino, polyaminocarboxylic 
or polycarboxylic acid. 
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More speci?cally, L may be represented by the formula 

Where R1 Which may be the same or different represents R2, 
C1_4hydroxyalkyl, carboxy -C1_4alkyl or amino-CL4 alkyl 
groups or together both R1 groups represent a group 
CH2CH2NR3CH2CH2 Where R3 is an R2 group or a C1_4 
alkyl group optionally substituted by hydroxyl, carboxyl, 
aryl or amino groups, each R2 independently represents a 
hydrogen atom or an optionally amidated or esteri?ed car 
boxy C1_4 alkyl group, Wherein any amine nitrogen is 
substituted by group selected from hydrogen atoms and 
optionally hydroxylated C1_4 alkyl groups. 

For example, L may be selected from 

(HOOCCH2)2NCH2CH2N(CH2CH2OH)CHZCHZN 
(CHZCHZOH)CH2CH2N(CH2COOH)2 

(HOCH2CH2)2NCOCH2N(CH2COOH)CH2CH2(N 
(CH2COOH)CH2CH2)2N(CH2COOH)CH2CON 
(CHZCHZOH)2 

(HOOCCH2)2NCH2CH(CH3)N(CH2COOH)2 
H2NCH2CH2N(CH2COOH)CH2CH2N(CH2COOH) 
CHZCHZNH2 

(HOOCCH2)ZNCH2CH2N(CH2CH2N(CH2CH2OH)2) 
CH2CH2N(CH2CH2N(CH2CH2OH)2)CHZCHZN 
(CHZCOOH)2 

(HOOCCH2)2NCH2CH2N(CH2COOH)CH2CH2N 
(CHZCOOH)CH2CH2N(CH2COOH)2 

and 

Where each R4 is hydrogen or carboxymethyl and R3 is 
hydroxyalkyl or N-carboxymethylated amino alkyl. 

The multinuclear complex used according to the invention 
may be ionic or, more preferably, may carry no net charge; 
most preferably the complex is non-ionic. 

Moreover it may be Water-soluble or, less preferably, 
Water-insoluble. Any necessary counterions should of course 
most preferably also be physiologically tolerable. 

The range of physiologically acceptable counterions for 
therapeutically active agents is of course Well knoWn to 
pharmacologists. 

Suitable countercations include for example protons, 
alkali and alkaline earth metal ions, eg sodium, calcium 
and magnesium and Zinc, ammonium and organic cations 
(e.g. organic amine cations, quaternary ammonium, 
pyridinium, meglumine, alkylammonium, polyhydroxy 
alkylammonium, basic protonated amino acids, etc), transi 
tion metal complex cations, organometallic cations, etc. 
Suitable counteranions include for example halide (e.g. 
chloride, bromide, iodide, I3 

Other suitable chelant moieties Will be discussed in 
greater detail later. 
Many multinuclear complexes are knoWn and attention is 

draWn for example to the folloWing publications: Chisholm, 
Trans. Met. Chem. 3: 321 (1978); Lee et al., Ang. Chem. 
Intl. Ed. Eng. 29: 840—856 (1990); the Abstracts of the 5th 
International Conference on the Chemistry and Use of 
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6 
Molybdenum, 1985, page 133; Novak et al., J. Inorg. Nucl. 
Chem. 36: 1061—1065 (1974); Burgi et al., Inorg. Chem. .20: 
3829—3834 (1981); Chaudhuri et al., Z. anorg. allg. Chem. 
521: 23—36 (1985); Ikari et al., Inorg. Chem. 29: 53—56 
(1990); Tomohiro et al., J. Chem. Soc. Dalton Trans. (1990), 
2459—2463; Henkel et al., J. Chem. Soc. Dalton Trans. 
(1990), 1014—1016; Barbaro et al. JACS 112:7238—7246 
(1990); Richens et al., Inorg. Chem. 28: 1394—1402 (1989); 
Saito et al., Inorg. Chem. 28: 3588—3592 (1989); J. Chem. 
Soc. Dalton Trans (1990), 1765—1769; Inorg. Chem. 
27:3626—3629 (1988); JACS 108:2757—2758 (1986); JCS 
Dalton (1978) 95—99; Inorg. Chem. 30: 1575—1579 (1991); 
Inorg. Chem. 18: 1621—1626 (1979); JACS 99: 4168—4170 
(1977); Inorg. Chem 16: 2538—2545 (1977); Inorg. Chem 
28: 1248—1254 (1989); Inorg. Chem. 15: 596—601 (1976); 
JACS 109: 3495—3496 (1987); JCS Dalton (1991) 57—59; 
JACS 112: 7402—7403 (1990); JACS 110: 1646—1647 
(1988); Inorg. Chem. 28: 3588—3592 (1989); “Superconduc 
tivity in-Ternary Compounds I”, Ed. Fischer et al, Springer 
Verlag, Berlin, 1982; Inorg. Chem. 9: 1354—1360 (1970); 
JCS (1960) 1007, (1960) 3106, (1961) 750, (1962) 410, 
(1963) 4183 and (1964) 1287; Inorg. Chim. Acta 116: 
L25—L27 (1986); JCS Chem. Comm. (1985) 953—954; 
Inorg. Chem. 25: 3529—3532 (1986); JACS 106: 789—791 
(1984); AngeW. Chem. Int. Ed. Engl. 21: 795—796 (1982); 
JCS Chem. Comm. (1983) 1395—1397; Inorg. Chem. 30: 
574—577 (1991); JACS 107: 6735—6736 (1985); Inorg. 
Chem 29: 5120—5125 (1990); Inorg. Chem. 30: 2693—2699 
(1991); JACS 100: 5252—5253 (1978); AngeW Chem. Int. 
Ed. Engl. 19: 72—73 (1980); JACS 106: 1849—1851 (1984); 
Russ. J. Inorg. Chem. 31: 1429—1431 (1986); Inorg. Chem. 
28: 2623—2630 (1989); JACS 108: 2757—2758 (1986); Poly 
hedron 5: 357—361 (1986); JACS 106: 2710—2711 (1984); 
Inorg. Chem. 16: 2538—2545 (1977); JCS Chem. Comm. 
(1985) 1437—1439; Inorg. Chem. Acta 113: L19—L21 
(1986); Inorg. Chem. 30: 1687—1688 (1991); JACS 107: 
6734—6735 (1985); Z. Naturforsch 34B: 434—436 (1979); 
Inorg. Chem. Acta 169: 235—243 (1990); JACS 108: 
6430—6431 (1986); JACS 100: 7786—7787 (1978); Inorg. 
Chem. Acta 167: 39 (1990); Inorg. Chem. Acta 102: 
L25—L27 (1985); Inorg. Chem. 28: 3799 (1989); Inorg. 
Chem. 20: 3064 (1981); Inorg. Chem. 22: 2801 (1983); 
Inorg. Chem. 25: 3529 (1986); Inorg. Chem. 21: 1311 
(1982); JCS Dalton (1978) 95; Z. Naturforsch 33B: 331 and 
1398 (1978); JCS Dalton (1990) 3101; Science 228: 533 
(1985); Tsigdinos “Heteropoly compounds of molybdenum 
and tungsten” Molybdenum Chemicals, Chemical Data 
Series Bulletin Cdb-12a, Nov. 1969, pp. 1—24, Climax 
Molybdenum Company, Connecticut, USA; “Heteropoly 
and isopoly oxometalates”, M. T. Pope, Springer Verlag, NY, 
(1983); AngeW Chem. Int. Ed. Engl. 18: 158 (1979); AngeW. 
Chem. Int. Ed. 30: 1139—1141(1991);J. Chem. Soc., Chem. 
Commun. (1991) 1453—1455; AngeW. Chem. Int. Ed. 30: 
688—689 (1991); 16161., (1991) 598—600; Inorg. Chem., 
(1992) 31: 110—114; Ibid., (1991) 30: 4963—4968; Ibid., 
(1991) 30: 4960—4962; Ibid., <1991) 30: 4968—4978; Ibid., 
(1990) 29: 1750—1755; Polyhedron, Vol. 8, No. 12, pp 
1531—1536 (1989); J. Am. Chem. S00, (1991) 113; 
7940—7944; Science, 241: 1479—1481 (1988); Polyhedron 
10: 2203—2215 (1991) and Coordination Chem. Revs. 46: 
245—280 (1982) and references cited therein. 

Thus, for example, a simple multinuclear complex of 
formula I can be represented as folloWs: 
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<11) 

(wherein each M and L are as hereinbefore de?ned, each L‘, 
Which may be the same or different is a ligand, either a 

molecule, an ion or one liganding moiety of a multidentate 
ligand; and W are each Zero or positive integers). 

Several L‘ groups can of course be provided by one 
chelant (L) and the metal atoms may be covalently bound to 
further atoms (generally designated by the letter A in the 
formulae referred to herein) not indicated by L, L or B and 
Which function neither as ligands nor as bridges. 

The M—B bonds to the bridging atoms B of formula II 
may be dative rather than covalent bonds. Examples of such 
complexes thus include the macrocyclic binuclear chelates 
such as those of formula III 

(III) 

Where each R Which may be same or different is hydrogen 
or an organic group and each M is as de?ned above, for 

example a metal atom or ion, e.g. Ni, Pb(II) or Cu(II). 

While the use of multinuclear complexes Wherein the 
metal atoms M are not linked by covalent bonds does fall 
Within the scope of the invention, it is particularly preferred 
that the multinuclear complexes be of the bridged type 
Wherein the metal atoms M are covalently linked via bridg 
ing atoms or atom pairs (e.g. S2 bridges) or bridging ligands 
(eg. acetate, hydroxo etc.). Of this category many poly 
oxoanions (and group VIa analogues) are knoWn and they 
and complexes thereof are useful according to the invention, 
especially as X-ray contrast agents. Many such complexes 
are knoWn and typical exemplary structures include the bi-, 
tri-, tetra- and hexa- nuclear structures of formulae II, IIIa, 
IV and V 

(II) 

(IIIa) 
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(V) 

(Wherein each B. M, L‘ and W‘ are de?ned above and Where 
other non-bridging atoms covalently bonded to metals M are 
omitted for the sake of clarity). By Way of example M may 
represent Mo, W, Re, Tc, V, Nb, Ta, Ru or Fe, but it is also 
possible for one (or more) of the metals M to be replaced by 
a transition or other metal, e.g. Hg, besides those metals 
speci?cally listed above in such a case hoWever the substi 
tute metal should be in a minority. These bi, tri, tetra and 
hexanuclear clusters of formula M2B2, M3B4, M4B4, and 
M6B8 are Well described in the literature. A broad range of 
such M2_5O clusters, e.g. M2, M3, M4, M5, M6, M7, M8, M9, 
M10, M11, M12, M17, M18, M36 and M48 clusters, are knoWn 
from the literature, especially Where tWo or more of the M 
atoms are group Vb, VIb, VIIb or VIII metals. See for 
example Inorg. Chem. 9: 1354—1360 (1970); J. Chem. Soc. 
A. (1970) 2421; JCS Dalton Trans. (1975) 1526—1530; 
Inorg. Chem. 16: 2538—2545 (1977); JACS 99: 4168—4169 
(1977); J. Inorg. Nucl. Chem. 36: 1061—1065 (1974); Inorg. 
Chem. 28: 447—451 (1989); Chem. Letters (1987), 
2327—2330; J. Chem. Soc. Dalton Trans. (1987) 1163—1167; 
Inorg. Chem. 23: 4265—4269 (1984); Inorg. Chem. 24: 
2950—2952 (1985); CR. Seances Acad. Sci., Ser. C. (1966) 
262, 1524; JACS 106: 2710—2711 (1984); J. Chem. Soc. 
Chem. Comm. (1985) 953; JACS 107: 5565 (1985); Inorg. 
Chem. 27: 3626—3629 (1988); J. Chem. Soc. Dalton Trans. 
(1990) 1765—1769; JACS 108: 2757—2758 (1986); JACS 
104: 6781—6782 (1982); JACS 106: 789—791 (1984); JACS 
107: 6734—6735 (1985); Inorg. Chim. Acta 116: L25—L27 
(1986); JACS 105: 3905—3913 (1983); J. Chem. Soc. Chem. 
Comm. (1990) 1014—1016; JACS 112: 7238—7246 (1990); 
JACS 110: 1646—1647 (1988); J. Chem. Soc. Dalton Trans. 
(1991) 51—59; Inorg. Chem. 17:3245 (1978); J. Electroanal. 
Chem. and Interfacial Electrochem 54:197—207 (1974); Z 
Naturforsch B33:1347 (1978); and Inorg. Chem. 28: 
3588—3592 (1989). 
The complexes above may be electrically charged or 

neutral—for administration as contrast agents they may 
preferably be complexed With ligands/chelating agents 
Which serve to improve Water solubility and to reduce 
toxicity and to leave unaffected, to only slightly increase or, 
most preferably, to reduce the magnitude of the overall 
electronic charge carried by the complex and stabiliZe redox 
sites of clusters. 

In the case of bridged structures of these four formulae, 
the structural formulae can conveniently be Written M2Lq 



5,932,190 
9 

(ILLZB)2 and MaLl?aB) (#2B)3>M4LS(I“3B)4 and M6LL‘Cu3B)8 
respectively (113B indicating that the B is a bridging atom 
bonded to 3 metals, and q, r, s and t respectively being 
integers identifying the total number of complexing 
moieties). As mentioned above, it is particularly preferred 
that the multinuclear complexes be chelate complexes and it 
is especially preferred that a single multidentate chelant be 
used to coordinate at least tWo and preferably all of the 
liganded centres. A multidentate chelant L coordinating for 
example three metals Would be referred to in these formulae 
as (Iu3L). Thus, for example, a multinuclear entity of formula 
I can comprise a unit of formula M3(u3B) (112B)3, M4Qu3B)4 
or M6(,u3B)8 (Wherein M and B are de?ned above, but 
advantageously each M may indpendently represent M0 or 
W, and each B may independently represent O, S, Se or Te 
or a nitrogen or phosphorus atom covalently bonded to a 

proton or an organic group). 

Particularly preferred multinuclear complexes suitable for 
use in a contrast medium according to the invention include 
the APCA chelate complexes of mixed or non-mixed poly 
nuclear (Where n=2, 3, 4, 6 or 12) oxides, sulphides, 
selenides and tellurides of molybdenum and/or tungsten, e.g. 
APCA chelates of multinuclear entities of formula 

Z\ 
\/ 

(VI) 

M M 

/ Z \ Z\1\l4/Z 

M 
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(IX) 

Many of these multinuclear clusters are knoWn from the 
literature cited above the others may be prepared using 
methods analogous to those described in the literature. 
Particularly preferred multinuclear clusters of type M2B2 
include those of formula: 

2+ 

In the formula above, M preferably represents Mo, W or Re, 
Whilst B and A preferably each represent O, S, Se or Te. 
Speci?c examples of multinuclear cluster of this type 
include: 

In the multinuclear clusters illustrated L is preferably 
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wherein each R50 may represent a hydrogen atom or a 
straight chained or branched alkyl group optionally substi 
tuted by hydroXy, thiol, alkylthiol groups or by a carbonyl 
group Which may itself be optionally alkyl substituted on the 
amide nitrogen. Preferably R5O represents a C1_6-alkyl, 
optionally substituted as described above. More preferably 
R5O may represent an alkyl group of formula 

{MWWWNZ 
each of Which may be substituted as described above. 

35 

For multinuclear clusters of type M2B1, the folloWing 
general formula is preferred 

45 

A A 2+ 

50 

Again, M preferably represents Mo, W or Re, and A and B 
each preferably represent O, S, Se or Te. Preferably eXample 
of multinuclear clusters of this formula include 

12 
-continued 

The multinuclear clusters described above are preferably 
chelated by ligands Which are carbohydrates, for eXample 
sugar alcohols, especially those With a backbone chain 
containing of from 4 to 7 carbon atoms. Particularly pre 
ferred sugar alcohols include perseitol, galactitol, 
D-mannitol, erythritol, D-threitol, p-arabinatol, Xylitol, ribi 
tol and D-glucitol. 

Preferred M3B4 multinuclear clusters may be represented 
as 

Wherein each M is preferably Mo, W or Re and each B is 
preferably O, S, Se or Te. Examples of such clusters include 

Preferred ligands for the M3B4 clusters include those of 
formula 
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-continued 

I Z Z 

R51 & A) i 4) \R51 
Y Y 

| | 
R50 R50 

Z N N 

HOOC J < > \— COOH 

N 

| 
R50 

HOOCJ QT) £1?) 
R50 R50 
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14 
-continued 

R50 R50 R50 

N N N N 

HOOCJ < > \— COOH 
N 

| 
R50 

R50 R50 

R50 R50 

R50 R50 

HOOC HOOC COOH COOH 

wherein each Z may represent a nitrogen or phosphorous 
atom; each Y may represent a nitrogen, phosphorous, oXy 
gen or sulphur atom or a group NR5O or PR50 (where R50 is 
as de?ned above) and each group R51 may represent a group 
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(H2O)5]. 20H2O (Where ox=oxalato and pba=1,3 
propylenebis(oxamoto)), Ce2(OSiPh3)6, 

[Dy(hfac)3Cu(satn)OH] (Where hfac= 
hexa?uoroacetylacetonate and Cu(satn)OH=[N-(3 

The multinuclear entities useful according to the inven 
tion thus include many known polynuclear inorganic mol 
ecules and ions and complexes thereof (including complexes 
With organic species), including those knoWn under the 
general term polyoxoanions. Such multinuclear entities can 
be described by the folloWing general formula: 

[MQDBGELJK (X) 
Where each M Which may be the same or different represents 

a metal atom Within the multinuclear entity (cluster), 
each D Which may be the same or different represents a 
non-metal atom, molecule or ion Within the multinuclear 
entity that is bonded to one or more metals M, each G Which 
may be the same or different represents an atom, molecule, 
ion or metal complex coordinatively bound to the MOLDl3 
entity to yield the charged or uncharged cluster MaD?Gé, 
each J, Which may be the same or different, is a physiologi 
caly tolerable counterion (eg an alkali metal, alkaline earth 
metal, ammonium, quaternary ammonium, organic amine 
etc. cation Where the cluster is anionic), 0t and [3 are numbers 
having a value of at least 2, eg 2—100, 6 is a positive 
number, and 6 and K are each Zero or postive numbers. 

In the case of multinuclear entities based on polyoxoan 
ions (or analogues Wherein oxygen is Wholly or partially 
replaced by other group VIa or VIIa elements), at least tWo 
(and preferably the majority) of the M atoms Will generally 
be group Vb, VIb, VIIb or VIII elements (eg V, Fe, Nb, Mo, 
Tc, Ru, Rh, Ta, W and Re, especially Nb, Ta, Re, Mo, V, W, 
particularly Mo and W) While other (minority) M atoms or 
M atom complex may be selected for example from a 
secondary group comprising other transition metals, group 
IIa elements and lanthanides as Well as other diverse metals 

such as Be, Al, Si, Ge, Sn, etc. for example as mentioned by 
Tsigdinos (Supra) and Pope (Supra) and references cited 
therein. For such multinuclear entities, referred to hereinaf 
ter as “polyoxoanions and analogues”, a preferred group is 
of formula 

[xahMa?MbpMccodszm 
(Wherein 
X“ is selected from B, Al, Si, Ge, P, As, Se, Te, S, I, Co, Mn, 
Cu, alkylphosphonate, arylphosphonate alkylarsonate and 
arylarsonate (and others as mentioned in Pope (Supra) and 
the references cited therein); 

M“, Mb, MC are independently selected from W, Mo, V, 
Nb, Ta and Re; A, p, p, o, "c, and Q) are Zero or positive 
numbers; X is Zero for isopolyoxoanions and mixed isopo 
lyoxoanions or is a positive integer for heteropolyoxoanions; 
and p+p+o§2). 
The counter-cations for polyoxoanions can be protons, 

organic cations (e.g. Ph", CH3", as in AR Seidle et al, JACS 
108: 6430—6431 (1986)), alkali metal cations, alkaline earth 
cations, transition metal cations, organometallic cations 
(example of these can be found in V Day et al, Science 228: 
533—541 (1985)), ammonium and alkyl and aryl quaternary 
ammonium or pyridinium cations and mixtures thereof. 
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Quaternary ammonium salts of polyoxoanions can be 
developed Which display remarkable hydrolytic stability and 
are highly soluble in organic media. Organo-soluble salts 
(i.e. lipophilic) exist as an ion pair Whereby the polyoxoan 
ion is effectively coated With the greasy quaternary ammo 
nium salt. 

Lipophilic polyoxoanions and chelant complexes can be 
dissolved in suitable oils, placed inside cyclodextrins, incor 
porated into liposomes or micelles. An oil solution can be 
combined With Water and emulsion stabiliZers to form an 

emulsion Which can be utiliZed as a GI x-ray contrast agent. 

Liposomal formulations are interesting as liver agents. 
Cyclodextrin formulations are potential intravascular 
agents. 

Polyoxyanions are also formed When tungstate and 
molybdate (M0421 Where M=W, Mo) react With polyalco 
hol compounds (carbohydrates, alditols, etc.). This reaction 
nay be used as an analytical method for the separation and 
identi?cation of sugars. Recently, there has been interest in 
understanding the structural and physical inorganic aspects 
of these complexes. Structural studies have shoWn that, in 
the case of molybdenum, polyoxyanions are formed Where 
the polyalcohol ligand provides hydroxide coordinating 
groups attached to four adjacent carbon atoms in the ligand 
backbone as shoWn here for a generic polyalcohol ligand: 

0 2 

W ere 1s a stra1 tc a1ne or ranc e a rou h R52' 'gh h'd b hdlkylg p 
The complex is formed by a condensation process involv 

ing acid: 

Potentiometric studies shoW that the metal-ligand binding 
constant approaches 20 for the strongest complexes With 15 
being a typical value. The metal oxidation state is 6+ (do) 
and, as a result, the complexes are colorless. Due to both the 
fact that the complex is a salt and the polyhydroxy nature of 
the ligand, these metal-ligand complexes exhibit very high 
Water solubility. The use of these tungstate/molybdate 
polyalcohol complexes as contrast agents for diagnostic 
x-ray imaging falls With the scope of the present invention. 
The high binding constants, high Water solubility, and col 
orless nature of these complexes are ideal properties for 
x-ray contrast agents. Additionally, the coordinating ligands 
(polyalcohols, carbohydrates) are biocompatible. Higher 
cluster complexes may also be formed. 

Although a large variety of polyoxoanions are knoWn, 
these materials are almost exclusively salts containing dis 
crete cations and anions (polyoxoanions). By changing the 
nature of the cation (organic vs inorganic) it is possible to 
modify the solubility proportions of the overall polyoxoan 
ion complex (salt). The ability to modify the chemical/ 
physical properties (charge, solubility, biocompatability) of 
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18 
such changes to polyoxoanions is important for their suc 
cessful application as contrast agents and the literature 
indicates that modi?ed polyoxoanions may be formed for 
example by the reaction of a reactive metal-organic complex 
With “defect” (substitutionally active) polyoxoanions (see 
JACS 101:759 (1979) and JCS Dalton, pages 1991—1997, 
(1991). For example, R*SiX*3 (Where R*=Et, CH=CH2, 
C1OH21, Ph; and Xe=Cl, OEt) Will react With [K]8 
[SiW11O39] to form [R“]4[SiW11O4O(SiR*)2) (R“=H+, K", 
NR‘4; R‘=Me, Bu) Where the silicon atom is covalently 
bound to the polyoxometalate. This observed reaction can be 
used more generally to produce modi?ed polyoxoanions 
such that the charge of the polyoxoanion, its solubility, or 
other desired physical/chemical properties can be system 
atically varied. Such complexes may obviate the need for 
separate counter-cations. These neW polyoxoanions possess 
ing the formula as described earlier, are based on the use 
of substituted metal complexes G, such as 

C5R‘R“R“‘R““R“‘"M‘ or (RO)3M“R (M‘=Ti4+ and M“=Si4+; 
R,R‘,R“,R“‘R““,R““‘=H, CH3, alkyl, aryl, hydroxylated 
alkyls, amines, quaternary ammonium, APAC, etc.) Where 
M‘ and M“ complex react With and bind to the polyoxo 
metalate. Proper choice of M‘ can lead to stable substituted 
polyoxometalates While proper choice of R can lead to 
changes in overall complex charge (osmolality), solubility, 
etc. For example, When R is a monoquarternary ammonium, 
then an electrically neutral polyoxoanion (SiW11O4O((Si 
(CH2)n(NR3))2]O can be prepared. Such modi?ed polyoxya 
nions may be attached to polychelants, for example the 
polychelants disclosed in WO-A-90/12050, WO-A-91/ 
05762 and in AngeW. Chem. Int. Ed. Engl. 29, pages 
138—175 (1990) of Tomalia et al. Similar neutral complexes 
can also be formed by judicious substitution of 
C5R‘R“R“‘R““R““‘ groups coordinated to appropriate tran 
sition metals. The advantage of such complexes is a partial 
or complete reduction of the polyoxoanion charge and 
corresponding reduction of complex osmolality. Improved 
solubility and biocompatability may be realised by substi 
tution With polyhydroxyl or polyaminepolyhydroxyl R 
groups. 
A modi?ed polyoxoanion may comprise one or more 

heteroatoms Which displace the original metal atoms in the 
cluster so altering the characteristics of the heteropolyanions 
as discussed above. Suitable heteroatoms include Be, Y, La, 
Ti, Zr, Hi, V, Nb, Ta, Cr, Mo, W, Mn, Re, C0, Rh, Ni, Pt, Cu, 
Zn, B, Al, Ga, In, Tl, C, Si, Ge, Sn, P, As, Sb, S, Se, Te, I, 
Ce, Pr, Nd, Sm, Eu, Gd, Ho, Er) Yb, Th, U, Np and Am. 
Preferred heteroatoms include W, Mo, V, Ti, Sn, Nb, Rh, Ge, 
Re, Sb, V, Cr, Mn, Fe, Co, Ni, Cu, Zn,Al, Ga, In, Tl, Rh, Ru, 
Os, Ce, Pr, Nd, Sm, Eu, Ho, Th, U, Pr, Tb, Pu, Np, Am, Cm, 
Cf, La, Sr, Ba and Si. 

Metal clusters, especially HPA’ s, Which contain a mixture 
of heavy metals (Which are contrast enhancing in X-ray 
imaging) and paramagnetic metals (Which are contrast 
enhancing in MRI) are especially attractive. Amongst these 
particular emphasis may be given to those clusters in Which 
the paramagnetic metals are in sites at or relatively close to 
the outer surface of the cluster, i.e. sites close enought to 
ambient Water molecules to affect the MR signals therefrom. 
Clusters containing for example 10 to 20 heavy metals (such 
as M0 or W) and 1 to 4 paramagnetic metals (such as Gd, 
Mn, Fe or Dy) are especially interesting. 
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Particularly conveniently, the multinuclear entities are 
presented as their chelate complexes containing EDTA or 
other APCA’s. Such chelate complexes are remarkably 
stable With regard to release of the heavy metal ions; thus 
W2O2(u2O)2 (ILLZEDTA), for example, has been found to 
have a thermodynamic stability constant in (log k) aqueous 
solution of about 29.1 (see Novak et al., J. Inorg. Nucl. 
Chem. 36: 1061—1065 (1974)). 

Besides EDTA, other chelants are suitable for the prepa 
ration of the multinuclear chelate complexes used according 
to the invention. 

It is particularly preferred that the electrical charge carried 
by the complexing moieties should substantially if not 
completely balance that carried by the complexed entity; for 
APCA chelants this may easily be achieved for example by 
omission, replacement or deactivation (eg by ester or 
amide formation) of one or more of the carboxyl moieties. 
Many suitable chelants are Widely knoWn or have been 
described in the literature, especially literature relating to 
heavy metal detoxi?cation agents bifunctional chelants and 
chelate-based contrast agents, eg those described in 
WO-A-89/00557 (Berg) and the documents mentioned 
therein and in the search report appended thereto, US. Pat. 
No. 4,647,447 (Gries), US. Pat. No. 4,826,673 (Dean), 
EP-A-230893 (Felder), EP-A-217577 (Frincke), US. Pat. 
No. 4,652,519 (WarshaWsky), US. Pat. No. 4,687,659 
(Quay), and numerous other recent patent publications of 
Nycomed AS, Salutar Inc, Schering AG, Squibb, Bracco, 
Mallinckrodt, DoW and Guerbet. 

The chelants useful for completing the multinuclear moi 
ety and Which form coordinate bonds directly With the 
metals of the multinuclear moiety can be selected from a 
Wide range of structures. Many of the most useful chelants 
are of general formula XII 

(Where a is an integer of from 2 to 12, preferably 2 to 10, eg 
2, 3, or 4; b is an integer of from 1 to 8, preferably 2, 3 or 
4; 

each R, independently is hydrogen, a hydrophilic or 
linking group (eg a hydroxyalkyl group) or tWo 
groups R1, or one R1 and one group Z3, together 
represent a saturated or unsaturated heterocyclic or 

carbocyclic ring, preferably With 5—7 ring atoms; each 
X independently is O, S, NZ3 or PZ3, each Z3 indpen 
dently is hydrogen, hydroxyalkyl, mercaptoalkyl, car 
boxyalkyl (or an amide or ester derivative thereof eg 

—CH2CONHCH3) or optionally hydroxy or mercapto 
substituted acyl, or is a side chain ((CHR1) X*)CZ* 
(Where c is 1 to 4 and X* and Z* are as de?ned for X 
and Z3 but do not represent any group containing a X* 
or Z* group) or tWo groups Z3 together form a briding 

group ((CHR1)aX*)C(CHR1)a) or are salts thereof). 
While polyamines and polyethers, especially linear or 
cyclic polyamines and polyethers, such as 
ethylenediamine,1,4,7-triaZacyclononane and cyclen, 
can be used as chelants, in general APCAs and starburst 
dendrimers (see eg Tomalia, AngeW. Chem. Engl. Ed. 
29: 138—175 (1990)) are preferred, particularly DTPA, 
EDTA, TTHA and derivatives thereof and other cyclic 
and non-cyclic APCAs as de?ned in WO-A-89/00557 
and APCAs of formula XIII 
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(x111) 
(CHROAY (CHROAY 

Where each R1 is independently hydrogen or an optionally 
hydroxylated and/or alkoxylated alkyl group or an organic 
side chain adapted for the attachment of or attached to a 
macromolecule; 

d and e each is an integer having a value of 1, 2 or 3; 

each Xhu 10is independently a carboxyl (ie COOH) or 
phosphate (ie PO3H2) group a derivative thereof; 

each Y is independently a group X10, SR1, OR1 or N(R3)2; 
E is a group (CHR2 f(X“(CHR2)f)g 
Where f is an integer of from 2 to 5, preferably 2 or 3, 

g is Zero, 1 or 2, preferably Zero or 1, each f preferably 
being 2 When g is non-Zero, 

X“ is O, S or N(CHRI)dY, preferably O or S, 
each R2 is independently R1, or, When the carbon to Which 

it is attached is not bonded to a nitrogen, hydroxyl, or 

tWo R2 groups, especially Where f is 2, may together 
With the intervening carbons form a cycloalkyl group 
optionally substituted by hydroxyl or R1 groups, and 
each R3 is independently a group RI or N(R3)2 repre 
sents a preferably saturated heterocyclic group prefer 
ably having 5 or 6 ring members, optionally containing 
as a further heteroatom a nitrogen or oxygen and 

optionally substituted by R1 groups. It is also possible 
for the multinuclear moiety to be chelated by a chelant 
Which is then itself attached to form part of an oligomer 
or polymer, such as a starburst dendrimer. 

In the chelants of formula XII or XIII, any alkyl moiety 
preferably has a carbon atom content of up to 8, any 
cycloalkyl group preferably is a C38, especially C5_7, ring 
and any carboxyl derivative is preferably a CON(R3)2 or 
CON(OH)R1 group. 

Other suitable chelants include the pyraZole for example 
Prog. II (1986), in particular compounds of formula XIV 

(xrv) 
R20 R20 

R23 

where R20 and R21, Which may be the same different, 
represent hydrogen atoms or an optionally hydroxylated, 
optionally alkoxylated alkyl group (eg C1_8alkyl), or a 
pyraZolyl group PZ of formula MtRZ“3 or 

R22 R22 

R23 

Where one of groups R22 and R23 is a bond and the remaining 
groups R22 and R23 are groups as de?ned for R20 and R21 
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respectively but do not represent PZ groups, or one may 

represent bond or an alkylene chain (e.g. CL1O n-alkylene) 
linked to a group R22 or R23 of a further group of formula 

XIV (i.e. to form a diner). Mt is B, Al or Ge, and R24 is 
hydrogen, alkyl, amine, APCA or aryl (eg 5 to 8 ring 
membered homo or heteroaryl such as phenyl or pyraZolyl 

(e.g. PZ) group. 

Of particular interest are the anionic ligands of formula 
XV 

(XV) 
R22 R22 

N N R22 
\ R22 R22 

\ 
R24 — B N 

I \N/ 
N/ N R22 R22 

R22 R22 
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/ N\ 
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R22 

22 
and the dimers thereof of formula XVI 

(XVI) 
R22 R22 

PZ R22 R22 PZ 
I \ / 

R24—]|3—N\ /N—]|3—R24 / (CH2)3 \ 
PZ N N PZ 

Where Z is Zero or a positive integer, e.g. 1—10. Higher 
oligomers, such as trimers, tetramers or polymers may also 
be formed in a similar fashion. 

The trispyraZolylborate ligands have several features to 
recommend them for metal-ion cluster ligating groups. The 
molecule functions as a tridentate coordinating ligand that 
presents aromatic amine functionality for metal ion binding. 
These ligands are knoWn for strong chelation to metal ions. 
Because of the four coordinate binding to boron, the ligand 
carries an uninegative charge. Therefore, this ligand can be 
used to introduce negative charge to a resulting cluster/ 
ligand complex. This may be especially useful Where use of 
the carboXylate ion is undesirable. Substitutions can occur 
both at the boron ion (R24) and at the 3 ring positions (R22, 
R2317) of PZ. This alloWs for the formation of a ligand Which 
can be optimiZed by appropriate substitution for solubility 
and biocompatability properties (such as Where R22, R23 or 
R24 are polyhydroXylated). The poly(tris-pyraZolylborate) 
ligands moreover can form a single coordinating molecule 
capable of binding to more than one metal ion: 

R22 R22 

/ \N / \ 
N/ R22 / N 
I N (CH2)3 N N N R22 

/ \ / \ | / \ 
N— B _ N I N _ 1'3 _ N 

/ \ / 
R24 R22 R22 R24 R22 

R22 R22 R22 R22 

45 

(Z20) one application for this type of oligomeric tris-PZ 
ligand Would be the formation of neutral tungsten dimers. 

R22 R22 0 0 R22 R22 
0 J/ \I. 

\O/ \N/ \ 
R22 \N R22 

R2 (CH) 
/N 2 3 N R22 

\N—B—N/N\ /N\ / \ 
\ I / \ N_]|3—N 

R22 R24 R22 R22 R24 / R22 

R22 R22 R22 R22 
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Z20) 
Further Examples of suitable chelants include compounds 

of formulae: 

(CH2)y — N— co — (I112 

CSH(CH3)2 Z 

(Where y=is 1 or more, eg. 6,7,8,9 or 10 and Z =0 or 1) 

(HOOCCH2)2NH (viii) 

(HOOCCH2)2N(CH2CH2NH)2CH2CH2N(CH2COOH )2 (Xii) 

(HSCHZCHZ)2N(CH2CH2NH)2CH2CH2N(CH2CH2SH)2 (xiii) 

pyridine-2,6-dicarboxylic acid (xiv) 

2,6-bis-merceptomethyl-pyridine (xv) 

(xvi) 
N 

I \ 

/ 

(xvii) 
N N 

| \l \ 
/ / 

(xviii) 
N N N 

| \l \l \ 

tetra-N-alkyl-ethylenediamine 

penta-N-alkyl—diethylenetriamine 
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(xxi) 

(Where X3=NR24O or PR24O 
p=1, 2, 3 or 4 
X2=O, S or NR41 

R4O=CH2COOH, CHZCHZSH, CHZCHZOH, CH2PO3H2, 
C1_6alkylamines, C1_6alkylphosphines or substituted 
C4_12 homo or heteroaryls 

R41=CH(CH2X4)2, CH2CHlX4CH2X4, 
CH2CHX4CHX4CH2X4, CH2CHX4CH3, CH2CH2X4, 
CHZCONRZ42 or substituted C4_12 homo or heteroaryls 

X4=OH, SH or SR42 
R42=alkyl, eg. C1_6 alkyl, or substituted C4_12 homo or 

heteroaryls 
and substituted aryl means subsituted by one or more 

groups selected from carboxyl (and derivatives thereof 
eg salts, amides and esters), hydroxyl, mercapto, 
phosphates, amines and phosphines). 

(xxii) 
5 

X6 ' X \ X6 

ix.) 
(X5=CH2C(CH2OH)2CH2 or CHZCH2 
X6=NR4O, PR4‘), N(CH2)2 X3 or one x6 may provide an 

alkylene chain (eg. CHZCHZ) linking the macrocycle to 
a similar macrocycle 

X7=X2 or X6) 

2-carboxypyridine (nicotinic acid) (xxiii) 

and the phosphorus analogues of the nitrogen-donor based 
ligands. 

For M4B4 multinuclear complexes, e.g. W4(I3B)44+ 
(Where B=S, Se, Te, O, halogen (e.g. Cl, Br, I), N-R31 or 
P-R31 (Where R31 is an appropriate substituent, e.g. 
hydrogen, aryl (e.g. phenyl), alkyl etc.), chelants to (vii) 
(Where Z=1) are of particular interest; for M3B4 complexes, 
e.g. W3(u3B‘) (,u2B“)34+ (Where B‘ and B“ are S, Se, Te, O, 
halogen (e.g. Cl, Br, I), NR31 or PR31, B‘ preferably being 
S), chelants (vii) (Where Z=o) and (viii) to are of 
particular interest; and for M6B8 complexes, e.g. W6(,LgS)8, 
chelants such as to are of particular interest. For 

MZB2 complexes, e.g. W2O2(,u2O)22+ chelants such as NTA, 
IDA, EDTA, HEDTA, DTPA, DTPA-BMA, HEDDA, 
TTDA, EDTA-BMA, TBEDDA, MEEDDA, TTHA, 
EDDA, EHPG, PDTA, CHDTA, HPDTA, TACN, TTHA, 
CMPA-BMPA, DTPA-BMPA and triaZacyclononane 
monoacetic acid, especially TTHA, are of particular interest. 

For M4B4 and M3B4 multinuclear complexes, the use of 
macrocyclic chelants, eg those of formulae (vii) and (xxii) 
and linear chelants of formula is particularly preferred 
as a means by Which to enhance solution stability. 

Particularly preferred chelants include cyclen, TTHA, 
EDTA, DTPA, DOTA, DO3A, HP-DO3A, the 6-oxa and 
6-thia analogues of DTPA and amides thereof, eg DTPA 
BMA and DTPA-BMO (6-carboxymethyl-3,9-bis 
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(morpholino-carbonyl-methyl)-3,6,9-triaZaundecanedioic 
acid—the Gd(III) chelate whereof is sometimes referred to 
as gadopenamide). 

Besides the APCA chelants, particular mention can also 
be made of polyoXa/polyaZa cycloalkane macrocyclic 
chelants, e.g. such as are described in Us. Pat. No. 3,860, 
611, US. Pat. No. 3,952,015 and JOC 22: 1029 (1957), JOC 
39: 2351 (1974); JOC 40: 1205 (1975) and JOC 45: 1177 
(1980). 

The chelant may be attached directly or via a linking 
group to a hapten (ie. a relatively small non-antigenic 
antigenic molecule such as cholesterol, heparin, etc.) or to a 
macromolecule (conveniently be any tissue, organ or cell 
targeting macromolecule, for eXample a biomolecule such as 
a protein, an antibody or antibody fragment, or alternatively 
a biologically relatively inert material such as a polysaccha 
ride or poly-sugar alcohol, e.g. deXtran, starch, cyclodeXtrin 
etc). Such macromolecules are discussed extensively in the 
recent literature relating to contrast agents. 

The chelants of formulae XII and XIII are already knoWn 
from the literature or may be prepared in analogous fashion 
to the knoWn chelants. The preparation of chelants of 
formula XII and XIII Will hoWever generally fall into one of 
tWo categories: derivatiZation of a polyamine or amination 
of polyfunctional compounds. DerivatiZation can be per 
formed in one or more stages and the groups introduced 
may, in intermediate or ?nal stages, be subject to reduction 
or deprotection steps. 

Thus for eXample starting from the linear polyamine 

NH2—E'—NH2 (XVII) 

(Where E‘ is (CHR2)].[X“‘(CHR2)f]g and X‘" is O, S or NH) 
derivatiZation may be effected by the folloWing nonreduc 
tive or reductive reaction schemes: 

2 2. reduction 

3. L(CHR'1)eX' 
4. deprotection 

(XVII) 
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Where L is a leaving group and R1‘, Y‘ and X‘ are optionally 
protected R1, Y and X groups. 

Alternatively a bifunctional reagent of formulae 

L—E—L (XVIII) 

or 

LCO.E".CO.L (XIX) 

may be aminated With or Without a subsequent reduction 
step according to the folloWing schemes: 

(XVIII) 2. deprotection (XIII) 

LCO — E" — COL 1- NH2(CHR'1)‘1Y' 

2. reduction (XIII) 

4. deprotection 

Where E“ is (CHR‘1)f_h[Z3(CHR1‘)f]i[Z3(CHR‘1)f_31 1]] 
(Where j is 0 or 1, h+j is 2, i is Zero or the positive integer 
g-1) and L, R‘l, Y‘ and X‘ are as hereinbefore de?ned. 
The polyamine starting materials are either available 

commercially or may be prepared by routine methods. Thus 
for eXample commercially suitable polyamines include NH2 
(CH2)2-5NH2> NH2(CH2)2O(CH2)2NH2> 
NHZCHZCHOHCHZNHZ, NH2(CH)2S(CH2)2 NH. Option 
ally substituted polyamines may also be prepared by meth 
ods described in or analogous to those of EP-A-287465 
(Schaeffer), WO-A-89/00557 (Berg), Brechbiel et al. Inorg. 
Chem. 25: 2772 (1986), Yeh et al. Analytical Biochem. 100: 
152 (1979), Vogtle et al. Liebigs Ann. Chem. (1977) 1344, 
Kasina et al. J. Med. Chem. 29: 1933 (1986), Bedell et al. 
Inorg. Chem. 21:874 (1982), etc. 

DerivatiZation of the polyamines may be effected using 
alkylation agents such as those described by EP-A-230893 
(Felder), e.g. HalCHzCOL“, HalCH(COOH)CH2O BenZyl, 
or HalCH(COOH)2 (Where Hal is Cl or Br and L“ is OH, 
NHAlkyl or NAlkyl2 (e.g NHCH3 or N(CH3)2) or 
HalCH2NAlkyl2 (e.g. ClCH2N(CH3)2), folloWed Where nec 
essary by deprotection of protected groups. EXamples of 
such schemes include 
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BenZylO OBenZyl 

H2N—E—NH2 NH—E—NH 
COOH 

HOOC COOH 

Hal OBenZyl 

1. BrCHZCOOH 

2. Deprotection 

CHZOH CHZOH 

HOOC COOH 

N— E— N 

HOOCJ \— COOH and 

COOH 

HOOC H 
/ 

N — E — N 

HZN ' E ‘NH; —> / 
BrCH(COOH)2 H COOH 

COOH 

1. Alkylation 
2. Deprotection 

(XIII) 

Selective alkylation of amines is described by Nordlander et 
a1. Tetr. Lett. (1978) 4987 and J. Org. Chem. 49: 133 (1984) BrCHZCHZBr + NH2CH2CH2N(CH3)2 
and by Aspinall et al. JACS 63: 852 (1941). Many other 
appropriate derivatiZation procedures are described in the 
literature. 

For the reductive procedure discussed above, reaction 
may be of many of the same or similar polyamines With 
aldehyde, carboXyl or carboXyl derivative compounds fol 
loWed by reduction of the amide carbonyl groups, eg using 
sodium cyanoborohydride or diborane, eg as in the scheme 

(XIII) 

The resulting thioesters could equally be produced by 
reaction of an aminocarboXylic acid reagent With a 
chloroalkylsulphide, e.g. 

HOOCCH2NH— E — NHCHZCOOH 

As mentioned above, the chelants of formula (XIII) can 
also be produced by amination of polyfunctional reagents. 
One eXample of this procedure is given by Huber et al. J. 
Chem. Soc. Chem. Comm. (1989) 879, i.e. 

35 
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l 

Amine intermediates can also be produced by hydroge 
nation of corresponding nitrile compounds. 
The resulting polyamine can then be converted to a 

compound of formula XIII by reaction With XQCHZCN 
(Where X9 is OH or, prferably, a halogen) folloWed by 
hydrolysis. A Wide variety of other polyhalo and amine 
compounds suitable for use in such reactions are available 
commercially or may be prepared using teXt book methods. 

In a similar manner, polyfunctional acids may be reacted 
With appropriate amines if necessary after activation of the 
acid groups, reduction of the amide and alkylation Will yield 
chelants of formula XIII. Commercially available polyfunc 
tional acids utiliZable in this Way include for example 

HOOCE3COOH 

Where E3 is —CHOHCH2CH2—, —(CHOH)2—, —(CH2) 

0 

O 

In order to attach the chelant to a macromolecule, eg a 
protein or a carbohydrate, the chelant may be provided With 
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a reactive side chain (e.g. described by Meares et al. Anal. 
Biochem. 142: 68(1984), etc). Alternatively attachment can 
be efected for example using the methods developed by 
Salutar Inc. (See for example WO-A-90/12050 and Sieving 
et al., Bioconjugate Chem. 1: 65—71 (1990)) or the mixed 
anhydride or cyclic anhydride methods of Krejcarek et al 
Biochemical and Biophysical Research Comm. 77: 881 
(1977) or HnatoWich et al. Science 220: 613 (1983) etc. 
Attachment of the chelant may be either directly to the 
macromolecule or, preferably, to an intermediate polymer, 
e.g. poly-L-lysine or polyethylene-imine, onto Which a 
plurality of chelants may be loaded, eg as discussed in 
EP-A-331616 (Deutsch). 

Thus for example the following macromolecule-linkable 
chelants are suggested in the literature: 

AcN NAcZ 

COOH (Westerberg et al. J. 
Med. Chem.2: 736 
(1989)) 
(Ac = CHZCOOH) 

NCS 

ACN NACZ (JACS 2; s + D 10 

> (1982)) 
CONH-Alkyl 

O O 

>—\ /—< (TuroWski et / \ al. Inorg. 
Alkyl-N NAc NAc N-Alkyl Chem 2; 

| 474 (1988)) 
OH OH 

OH (Hernandez et al. An. 
Quim. Ser. BE: 172 
(1987)) 

NAcz NAcz 

— (Zupanc et 

/ \ / al. Glas. 
Hem Technol. 

R+/— \ /\R’r Bosne 
Hercegovine 
(1970)71) 

NAcz NAcz 

(R+ = N02, OH) 

Ts ,_ ,_. ,_ 

HN NH (1) N HZN N N N 

—> 

(2) H2504 

OH 
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-continued 

NCS 

(EP-A-217577 (Frinke)) lo 
NACZ 

O—CH2COOH (J. Radiol. Chemia: 
327 (1979)) 

lo 
NACZ NACZ 

O O 

NH NAC NAC NH 

EtOOC COOEt 

SCH3 CH3S (Bulman et 
al. Inorg. 
Chem. E: 
2483 (1987)) 

(CH2)1420 —R' 

(US-A-4632519 
(W arshaWsky)) 

NACZ NACZ 

(R' = COOH, NHZ, CHO) 

The tridentate tris-thiols of Holm et al. (see JACS 112: 
8015—8023 (1990) and JACS 110: 2484—2494 (1988)) also 
deserve particular mention, especially for the complexation 
of tetranuclear clusters. 

Procedures for preparing linear, branched and macrocy 
clic chelants especially suited for M4B4 and M3B4 structures 
are exempli?ed by the folloWing reaction schemes: 

HOOC COOH 
BrCHZCOOH 
—> 

HOOC COOH 

OH OH 
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The multinuclear complexes used according to the invention 
may be prepared by the methods suggested in the literature 
or by analogous methods. In particular, novel complexes 
may be prepared from knoWn complexes by ligand inter 
change. 

Thus, for example for tungsten based multinuclear entities 
as mentioned above, oxalatotungstate(V) may be used as a 
starting material and ligand exchange reactions With calcium 
chelates of APCAs to precipitate out calcium oxalate may be 
carried out. Chromatographic isolation and puri?cation 
methods, such as suggested by Ikari (supra) appear particu 
larly suitable. 

The preparation of an intermediate oxalate may be 
avoided by use of other literature knoWn methods, eg the 
electrochemical reduction suggested by Baba et al. Mem. 
Fac. Tech. Tokyo Metropolitan Univ. 32: 3207 (1982). 

Other preparative techniques that deserve particular men 
tion include the oxidation of tungstate complexes With the 
addition of the desired chelant/complexant as suggested by 
Chaudhuri (supra) and the reduction of tungstates With 
reductants and a chelant/complexant (Which may have oxi 
dative or reductive properties) as suggested by LoZano et al. 
in Polyhedron 31: 25—29 (1984). 

Further examples of synthetic routes by Which the multi 
nuclear complexes used according to the invention may be 
prepared include: 

(XXI) 
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-continued 

5 S 

and 

alkyl) 

(XXIII) 

(Where X1, X2 and 
Z’ are as in (A) 

above) 

(XXII) 

Molybdenum and tungsten trinuclear aqua complexes [M3 
(u3B)(IuZB)3(HZO)Q]4+, (Where M is M0 or W and B is O or 
S) can be prepared by methods knoWn from the literature. 
The co-ordinated Waters in these complexes can readily be 

replaced by chelants xvi to xxiii to reduce toxicity. Single or 
mixed ligand combinations may be used to produce ionic or 

non-ionic complexes. 

The chelated molybdenum and tungsten M3 complexes 
can also be prepared by reaction of chelants to (xxiii) 
With [M3(,Lg-S)(u2-S2)3]X4 (Where X=Cl, Br, I and M=Mo or 

W) or [M3(,u3-S) (uZ-SZ) (S2)3]2_. These latter M3 core 
complexes are already knoWn from the literature or may be 

prepared by methods analogous to those knoWn. 
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(D) W3(M35)(M25)34+ + EDTA —> 

C 

(G) W3(H35) (M25)34+ + 

YO above) 

0 

1 

O 

(Where X1 and Z’ 
are as in (A) 

(Where Z’, X1 
and X2 are as 

in (A) above) 
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-continued 

-continued The coordinated Water in the tetranuclear aqua complexes 

(CH2)k 

(Where k = 6-10) 

(XXV) 

(XXIII) 

WIS 

)k _ 
H2 SIW S 

@ 5/ 

W||S 
/ k 

s W 2 

N / H 

s @ 

O 

O 

\m 2 H 

WW N 
O 5 O 5 2 2 3 3 

0 t "H V mW .110 mm 
H _ MW 3 

6 ho Ch 

S O 

S6 

an ,4// 

ma N 

sm 0 /" 

1mm 

nm / a |||S 
g6 A O 

hd T 00 
6 D 4/ ya E OI |S 

be 2 // / 

dd + 0 
e n) MS MS .nY 63m Mn“ H4 bk 4: mm WW I. \) 

6 H _ 

Wm < ad mm 

HCI 
I ZW O 5 EDTA XXIII ( ) 2 2W2 )2(M ) NaBmZn/Hg or M25204 ( ) 

45 

55 

(ZIOOII) 

(K) (XXII) + NaBH4/HC1 or Zn/Hg or Na2S2O4—> (XXIV) 
(Where L3 is THF, diethylthioether, THT, pyridine, phos 

60 phine etc., 

[N(COCH2C(CH3)2SH)—(CH2)k_]4 M1 is hydrogen, alkali metal (e.g. Na, Li, K), ammonium, 
quaternary ammonium, etc, is an integer). 
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